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Twenty-six children in 3rd grade were observed while surfing freely on their
favourite websites. Eye movement data were recorded, as well as synchronized
screen recordings. Each online advert was analyzed in order to quantify low-level
saliency features, such as motion, luminance and edge density. The eye movement
data were used to register if the children had attended to the online adverts. A
mixed-effects multiple regression analysis was performed in order to test the
relationship between visual attention on adverts and advert saliency features. The
regression model also included individual level of gaze control and level of internet
use as predictors. The results show that all measures of visual saliency had effects on
children’s visual attention, but these effects were modulated by children’s individual
level of gaze control.
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Introduction
Current media research indicates that Swedish 9-
year-old children spend about one hour online every
day (Medierådet, 2013; Nordicom, 2013). Although this
average statistic is likely to be representative of this
particular population, research also shows that there
is quite a lot of variability around this central ten-
dency. Thus, there is a fairly large group of heavy in-
ternet users among Swedish 9-year-olds, but also large
groups of children that have very little contact with
the internet (Medierådet, 2013; Holmberg, Sandberg,
& Holmqvist, 2014). In this research, heavy internet
usage is defined as more than 3 hours of daily inter-
net use. To some extent these differences in internet
use can be explained by demographic factors such as
gender and social class (e.g. boys are usually over-
represented among heavy internet users) (Medierådet,
2013). Looking at the media development over the last
couple of years, there is a clear trend that daily inter-
net use among children is increasing in younger age
groups (Medierådet, 2013; Nordicom, 2013). Typical
online activities among 9-year-olds are playing games
and watching video clips (Carlsson, 2012). As chil-
dren grow older, online gaming activities are gradu-
ally replaced by activities on social networking web-
sites (Carlsson, 2012). Similar internet usage patterns
are found in all Nordic countries.
In parallel to this general increase in children’s on-
line activity, the internet is also growing rapidly as a
commercial advertising channel. In Sweden, between
2005 and 2010, investments in internet advertising in-
creased more than any other type of advertising, both
in absolute and relative measures (Sundin, 2013). The
popularity of the internet as an advertising channel can
be explained to some extent by the new and unique af-
fordances that this medium provides in terms of adver-
tising formats and strategies. An important new ad-
vertising technology on the internet has been labeled
"behavioral targeting", and allows advertisers to track
users’ online behavior in order to infer their individ-
ual characteristics and interests (Singer & Singer, 2011).
Based on such user profiles, advertisers are able to
serve up more relevant and better targeted adverts to
website users (Goldfarb & Tucker, 2011). On the other
hand, the digital medium also allows for manipula-
tions of basic visual features of online adverts in order
to attract users’ visual attention. Flashing banners, an-
imations and pop-up ads are examples of how salient
visual features such as motion and abrupt onset are in-
corporated into internet adverts to increase attentional
capture (Ludwig, Ranson, & Gilchrist, 2008; Parkhurst
& Niebur, 2004).
Since children’s internet use is rising at the same
time as this media environment is becomingmore com-
mercialized, we think it is important to measure the
level of visual saliency in adverts found on children’s
websites, and investigate how these visual features af-
fect children’s exposure to adverts during ordinary in-
ternet use. At 9 years of age, children are undergo-
ing rapid development in terms of voluntary attention,
executive control, and decision-making, which poten-
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tially makes themmore sensitive to salient adverts than
adults (Bucci & Seassau, 2012; Davidson, Amso, An-
derson, & Diamond, 2006). Interview studies with chil-
dren concerning their experiences of online advertis-
ing suggest that children tend to find adverts irritating
and intrusive, and they express a feeling of being "fol-
lowed" by adverts while surfing across their favourite
websites (Martinez, Sandberg, & Jarlbro, 2013). While
internet usage statistics can provide a general outline
of children’s online activities, interviews studies can
capture childrens experiences of online adverts. How-
ever, none of these methods are suited to give detailed
information about children’s actual visual exposure to
online advertising as it occurs in real-time. In this ex-
ploratory study, we use eye-tracking to measure chil-
drens visual attention, and we formulate several hy-
potheses concerning how individual factors and ad-
vert properties impact children’s exposure to online ad-
verts.
Advert saliency and visual attention
Visual saliency refers to the fact that certain visual
features can make objects "pop out" from the surround
and impinge on viewers’ visual attention. Many such
saliency features (e.g. motion, contrast, color, and lu-
minance) can be extracted from a visual scene by using
computer algorithms to produce so-called "saliency
maps" (Itti & Koch, 2000). Eye-tracking studies have
shown that such saliency maps to some extent can
predict where viewers will fixate (Foulsham & Un-
derwood, 2008). Although visual features in internet
adverts can be analyzed in order to quantify their
visual saliency, the media research in this area is scarce.
Furthermore, there is little research concerning child
audiences’ actual visual exposure to internet adverts.
It is possible to theorize that children’s visual exposure
to online adverts is low, based on the assumption
that children engage in task-oriented behavior while
surfing on the internet, which enables them to ignore
visual stimuli from task-irrelevant adverts (Malcolm &
Henderson, 2010). Another possibility is that children
actually do look at online adverts, but only when the
advert content is relevant to their personal interests,
and not depending on basic visual features. Currently,
there is a fairly strong consensus that, while low-level
visual features such as abrupt onset can account for
some portion of people’s eye movement behavior,
relevant content is more powerful in explaining visual
attention allocation (Tatler, Hayhoe, Land, & Ballard,
2011; Foulsham & Underwood, 2008). In order to
further this debate, we measure visual saliency in
internet adverts and hypothesize how these visual
features affect children’s visual attention (H1).
• H1: Higher levels of saliency will be associated
with more visual attention to online ads.
Children’s gaze control
When visual attention is driven by salient fea-
tures, it is referred to as exogeneous or stimulus-
driven attention. Several studies have shown that
the capacity to inhibit stimulus-driven, reflexive
eye movements undergoes significant development
throughout childhood, which is linked to ongoing
development of the frontal lobe (Klein & Foerster,
2001; Eenshuistra, Ridderinkhof, & Molen, 2004).
This research on stimulus-driven attention is relevant
when investigating children’s exposure to online
advertising for two reasons: 1) younger children as
a group could be more sensitive to visual saliency in
online ads than adolescents and adults, and 2) younger
children’s individual level of gaze control could
vary substantially due to rapid physiological and
cognitive development, thereby predisposing some
children for advertising exposure. In this study we
operationalized the concept of gaze control by using
an anti-saccade task to determine children’s individual
level of oculomotor control. This paradigm directly
measures participants’ voluntary control of their eye
movements, and has been shown to correlate with
cognitive functions such as executive control, working
memory capacity and visual distractibility (Kramer,
Gonzalez de Sather, & Cassavaugh, 2005; Munoz &
Everling, 2004; Hutton & Ettinger, 2006; Zanelli et al.,
2005). To our knowledge, there have been no attempts
to measure children’s visual distractibility in relation
to their advertising exposure. In the present study,
we measure the gaze control of 9-year-old children,
and hypothesize how their individual ability for gaze
control affects their advertising exposure (H2).
• H2: Lower levels of gaze control will be associated
with more visual attention to online ads.
Internet use and advertising exposure
Demographic factors can predict some aspects of
children’s internet use. Survey data from current me-
dia research in Sweden show that children in the tween
age group (9-12 years) spend about 1-2 hours online
each day. Boys and younger children are more likely
to use the internet for playing online games, while girls
and older children are more likely to spend their online
time on social networking websites (Carlsson, 2012).
Boys are also more likely to belong to the category of
heavy internet users, that have 2-3 times higher inter-
net usage compared to their peer average (Carlsson,
2012). However, these media usage surveys do not re-
veal if there is any relationship between childrens in-
ternet usage patterns and their online advertising ex-
posure. While it is likely that the more time children
spend online, the more they become subject to adver-
tising messages, it is also necessary to take into account
the type of web pages that different groups of children
prefer to visit. E.g. websites containing online games
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could displaymore advert content than social network-
ing sites. These arguments suggest that 9-year-old boys
could have a higher potential for advertising exposure
than girls in the same age, whichwe hypothesize in this
study (H3).
Previous research have also investigated adoles-
cents’ online gaze behavior, and found large individual
differences between potential exposure (the number
of adverts on web pages) and actual exposure (visual
attention to adverts) (Gidlöf, Holmberg, & Sandberg,
2012; Sandberg, Gidlöf, & Holmberg, 2011). A possible
explanation for these observed differences is that
some individuals have more experience of using the
internet for task-oriented purposes, and therefore
have developed skills in avoiding online advertising.
We know from other domains of research that gaze
behavior differ significantly between experts and
novices (Jarodzka, Scheiter, Gerjets, & van Gog, 2010).
Using weekly internet usage time as an indicator of
internet literacy, we hypothesize that this measure
impacts childrens visual attention to online ads (H4).
• H3: Male gender in children will be associated
with more visual attention to online ads.
• H4: Less internet use will be associated with more
visual attention to online ads.
In order to test the aforementioned hypotheses, we
designed a quasi-experiment in which 9-year-old chil-
dren were allowed to surf freely on their favourite
websites. During these free web surfing session we
recorded the children’s eye movements as an indicator
of their visual attention. We also recorded the dynamic
web page stimuli that the children interacted with as
real-time screen recordings. These screen recordings
allowed us to extract the level of visual saliency in au-
thentic online adverts and measure the effects of sev-
eral saliency features on children’s visual attention. In
order to factor in the children’s individual level of gaze
control, an anti-saccade task was performed on all par-
ticipants in the study.
Methods
Given the young age of the participants in this study,
we assumed that undertaking the study in a familiar
school environment would elicit the most natural web
surfing behavior in the children. In addition, the eye-
tracking apparatus selected for this study was the least
invasive. Taken together, these features increase the
ecological validity of the current study design, com-
pared to performing the study in a more controlled lab-
oratory environment.
Participants and apparatus
An elementary school in the south of Sweden was
selected for the study. The main selection criterion
was that the school should be representative of the
population in terms of demographics. 40 children in
two Swedish 3rd grade classes were given forms for
parental consent. 26 children were given parental con-
sent and opted to partake in the study. Before par-
taking in the study, all children were given an inter-
net usage questionnaire. Ages ranged from 9 years
(n=23) to 10 years (n=3). The children hadmixed ethnic
backgrounds, but were all fluent in spoken Swedish.
The gender distribution was fairly equal between girls
(n=14) and boys (n=12). All children had normal or
corrected-to-normal vision. One participant had to be
excluded due to technical problems during the web
browsing session.
The recording equipment consisted of a SMI RED
250 laptop system that was used for web surfing
and eye movement recordings respectively (a single-
computer setup). The laptop (Intel Core i7 2.67GHz
CPU, 2.98 GB RAM) was connected to the internet
through a wireless 3G USB modem with a bandwidth
of approximately 1Mb/s (Huawei Mobile Broadband).
The web page stimuli were presented on a 1680 ⇥ 1050
LCDmonitor with a SMI remote eye-tracking device at-
tached to the lower side. The children interacted with
the web pages through an optic mouse and a USB key-
board, both of which were connected to the recording
/ stimulus presentation laptop. Audio playback was
handled with desktop speakers connected with 15mm
TRS plug. Eye-tracking data were recorded at 250Hz
with SMI iViewX 2.7 software during all tasks, and
concurrent screen recordings from the stimulus mon-
itor were captured at 10Hz. All calibrations, valida-
tions, stimulus presentations, and screen recordings
were handled using SMI ExperimentCenter 3.1 soft-
ware.
Study design and materials
Before the internet surfing session, an anti-saccade
test was presented on the stimulus monitor in order
to test each participants’ individual level of gaze con-
trol. Each trial in the anti-saccade test consisted of two
stimulus events. First, a fixation cross was presented
in the center of the screen with a duration of 1500-2000
ms. Second, the fixation cross was replaced by a pe-
ripheral target, presented ca 10 deg off-center on the
screen. As the target appeared, participants were in-
structed to saccade in the opposite direction. Targets
were randomly presented horizontally (left or right of
the fixation cross) or vertically (top or bottom), with a
duration of 1000 ms. After target offset, a blank screen
was presented with a duration of 500 ms. The anti-
saccade test consisted of 32 such trials. The stimu-
lus parameters of the anti-saccade test were chosen in
accordance with recently suggested standards for this
paradigm (Antoniades et al., 2013). To reduce eye fa-
tigue, all stimulus slides in the anti-saccade test were
constructed with black background and white fixation
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cross and targets.
After the anti-saccade pre-test, the children contin-
ued with free web surfing sessions. These sessions
were implemented as follows: 1) A Microsoft Internet
Explorer 8 window launched in full screen mode, and
loaded a local HTML file containing a list of links to
47 websites; 2) The participants could select any link
they preferred from the list and browse freely on the
corresponding target website; 3) The participants could
return to the initial link list at any time by hitting the
browser’s "home button", and select another website to
browse. In addition, participants could search or enter
any URL in the browser window, in case they wanted
to browse websites not present in the link list. The link
list was based on results from the internet usage sur-
vey, in which the children were encouraged to list all
the websites they typically visited when going online.
We assumed that this approach would facilitate natu-
ral web surfing while minimizing browser interaction
difficulties (i.e. typing in URLs on the keyboard). The
free surfing sessions were limited to 7 minutes. This
time period was estimated to elicit a sufficient sample
of advert exposures to gauge the effect of the selected
saliency features on visual attention.
Procedure
Before each data recording, a general calibration
protocol was followed, in order to calibrate the eye-
tracking system. An animated 2-point calibration pro-
cedure was displayed on the stimulus monitor, in
which the participants were instructed to gaze directly
at each calibration point until it changed position. Di-
rectly after the calibration, a 4-point validation was
recorded to measure the deviation between gaze po-
sitions and validation targets. Calibrations were re-
peated until the deviationwas below 1 deg of visual an-
gle (corresponding to ca 10mmon the stimulus screen).
The accuracy level and calibration protocol were de-
signed to minimize the children’s cognitive load before
each data recording.
When the participant was sitting comfortably in
front of the stimulus monitor, the calibration protocol
described in the previous section was carried out, and
then the anti-saccade test began. Verbal instructions
were given to the children to think of the anti-saccade
test as a game, in which the objective was to first keep
the gaze directly at the fixation cross, and then avoid
looking at the target dot presented peripherally, and in-
stead look in the opposite direction. When we had en-
sured that the participants had understood the task, 4
training trials were initiated. After that, 32 actual trials
were presented in 2 blocks of 16 trials each. Between
the blocks there was a short intermission in order to
debrief the participants.
After the anti-saccade test was completed, the par-
ticipants proceeded directly to the free web surfing
task. A 2-point re-calibration was made according to
the general calibration protocol. Before the web surfing
session started, the participants were instructed that a
list of links to websites would appear in an ordinary
browser window, and that the only task was to explore
the list and navigate to any site they preferred to visit.
The participants were also informed that the surfing
session would be terminated automatically after a cou-
ple of minutes. The exact number of minutes was not
mentioned in order not to confuse or stress the partci-
pants.
Data analysis
The overall quality of the eye-tracking data was cal-
culated as the average deviation between the calibrated
point of regard (POR) and 4 validation points. The av-
erage horizontal and vertical deviation was 0.75 deg
and 0.92 deg respectively. The amount of missing sam-
ples (including blinks) in the anti-saccade data was
12.6%. These quality measures were only calculated for
the anti-saccade dataset, but they should generalize to
the surfing dataset as well, since the exact same cali-
bration procedure was applied in both cases. No par-
ticipants had to be excluded due to poor data quality.
Eye movement data from the anti-saccade test were
analyzed by using the Engbert and Kliegel algorithm
in order to detect the first saccade in each trial (Engbert
& Kliegl, 2003). A minimum saccade duration of 32
ms was provided as a parameter for the detection al-
gorithm. The first saccades were then analyzed for la-
tency, peak velocity and direction relative to target po-
sition using a second algorithm (Ahlström et al., 2013).
Saccade latency was calculated using a minimum la-
tency parameter of 0.08 ms, peak velocity was calcu-
lated using a maximum saccade velocity parameter of
1000 deg/s. Anti-saccades were categorized binomi-
ally as correct if they were terminated within a 45 deg
angle in the opposite direction of the target location.
Only the total proportion of correct anti-saccades for
each participant was used for further analysis, as this
construct was considered to be the most valid measure
of gaze control.
Saliency analysis of the online adverts was achieved
by using the screen-recordings obtained from the
children’s free surfing sessions. Each advert in this
video data was defined in terms of its spatial and
temporal location, and by using the OpenCV 2.3.1
software (Bradski, 2000), the regions corresponding to
adverts were processed to extract three basic saliency
measures. The saliency features extracted in this study
was the amount of motion, luminance, and edges
(Parkhurst & Niebur, 2004). Motion was quantified by
measuring the absolute difference in pixels between
pairs of successive frames. Speed of motion was not
considered in this study. Luminance was calculated by
thresholding each frame and measuring the remaining
luminance pixels. Edges were measured in each frame
by using the OpenCV Canny function, returning
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Figure 1. The figure shows the saliency analysis of one sin-
gle frame from an animated advert: original advert (top-left),
edge pixels (top-right), motion pixels (bottom-left), and lu-
minance pixels (bottom-right). The number of white pixels
in each sub-image constitutes the respective values for the
saliency measures on this frame.
the number of edge pixels. These measures were
also calculated for the entire frame in which the ad
appeared, in order to calculate the relative saliency
values for each advert (Figure 1).
Participants’ eye movements during the free web
surfing session were analyzed using the same screen
recording videos that was used for the advert saliency
analysis. These videos contained a circle indicating
the subjects’ gaze position that had been superim-
posed on the web page stimuli. By using the OpenCV
MatchTemplate function, this circle was used to extract
the pixel coordinates of the gaze point on the stimulus
monitor. These pixel coordinates were then used to de-
termine if the gaze point was within the rectangle of an
advert on each video frame or sample. This sample-
based variable was then aggregated to the advert level,
which allowed for the construction of a binomial de-
pendent variable that indicated if an advert had been
looked at or not.
The video-based analysis employed in this study
prohibited utilization of other typical gaze measures,
such as dwell time and fixation durations on adverts.
However, the reason for using the eye movement data
as recorded in the screen recordings, was that these
videos contained a time-locked representation of the
participants’ gaze position relative to dynamic visual
events in the web page stimuli. In addition, we rea-
soned that a dependent measure that registered if an
advert was looked at, rather than how much adverts
were attended, would be more sensitive to the low-
level saliency features investigated in this study.
Results
Children’s internet usage
The internet usage survey generated 26 responses.
The results from the survey show that most of the chil-
dren in this study use their own computer (50%) or a
parent’s computer (69%) when accessing the internet at
home. None of the children stated that they did not use
the internet at all during an average week. The most
common activity when spending time online was play-
ing online games (96%), closely followed by watching
video clips (88%) and listening to music (81%). On av-
erage, the children spent ca 60 minutes on web brows-
ing per day. This is very close to the current national
average, which indicates that the sample in this study is
representative of the larger population (Council, 2010).
There are also some interesting differences in average
internet usage time depending on gender, with boys
spending more than double daily time on the inter-
net compared to girls (92 vs 36 minutes). However,
these results on internet usage times include two male
outlier cases that had great impact on the averages.
A two-tailed heteroscedastic t-test revealed no signifi-
cant difference in internet usage time between genders
(p=0.10).
Children’s gaze control
The proportion of valid anti-saccade trials that was
kept for analysis was fairly high (ca 82%). However,
the proportion of correct responses was low, indicating
that the children had difficulties inhibiting saccades to-
wards the distractor, and saccading in the opposite di-
rection at target onset. The proportion of correct sac-
cades was 21%, which is consistent with other research
findings on saccadic eye movements in children (Bucci
& Seassau, 2012; Fukushima, Hatta, & Fukushima,
2000). In the correct anti-saccade trials, saccade laten-
cies were 474 ms on average, and 377 ms in incorrect
trials. There were no differences in saccade latency de-
pending on gender.
The overall results on anti-saccade accuracy and
anti-saccade latency were expected, but a more inter-
esting result of the anti-saccade test appeared when we
looked at correct responses by gender. These results
revealed that, in the current sample, boys seem to have
a significantly higher success rate than girls. The aver-
age proportion of correct responses in girls was 0.16,
and 0.27 in boys (see Figure 2). This difference was
significant (p0.05). This result is somewhat surpris-
ing since girls are generally assumed to have an earlier
cognitive development at this age, which would sup-
posedly facilitate correct responses in the anti-saccade
test compared to boys (Patterson, 2008). Because of this
difference, we decided to add an interaction between
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Figure 2. The figure shows the proportion of correct anti-
saccades by gender.
gender and oculomotor control to the regression model
(see further discussion below).
Saliency features in online adverts
The results reported in this section contain some de-
scriptive statistics of levels of visual saliency found in
online adverts. These saliency levels were computed
from the web page screen recordings, and are shown in
Table 1 below. The total number of unique ads found
in the screen recordings were 396, which means that
each child was "potentially exposed" to about 15 ads
on average during the course of the 7 minute surfing
sessions (Gidlöf et al., 2012). The average presentation
time of adverts was 20 seconds, and the average size
of an advert was around 350x350 pixels (ca 7% of the
screen size).
Visual attention to online adverts
We hypothesized that children’s visual attention to
internet adverts could be described as a function of
saliency variables (presentation time, motion, lumi-
nance, edges, and size of adverts), combined with in-
dividual factors (gender, oculomotor control, and in-
ternet use). Since we found significant differences be-
tween boys and girls on the anti-saccade test, we also
thought that including an interaction between gender
and oculomotor control would contribute to the ex-
planatory power of the model. To test this hypothesis,
a mixed-effects multiple regression analysis was per-
formed, in which participants were treated as a random
factor. Tests for multicollinearity indicated a low level
Table 1
Descriptive statistics of advert saliency measures.
Saliency measure Mean SD
Duration (sec)1 20.47 45.45
Rel. Size2 0.072 0.056
Rel. Motion3 0.180 0.220
Rel. Edges3 0.085 0.052
Rel. Luminance3 0.068 0.065
1. Durations were added when adverts were visible on the
web page. Time when adverts were completely invisible due
to page scrolling is not included.
2. Size values were calculated for each video frame and av-
eraged over each unique advert. Average size presented as a
proportion relative to the display size at a resolution of 1680
⇥ 1050 pixels.
3. Saliency values were calculated for each video frame as a
proportion of pixels relative to the saliency value of the entire
web page. Relative saliency values were then averaged over
each unique advert.
interdependence between predictors (VIF=1.63 for gen-
der, 1.16 for oculomotor control, 1.47 for internet usage
time, 1.29 for ad presentation time, 2.23 for ad edges,
2.64 for ad luminance, 1.91 for ad motion, and 2.69 for
ad size). Also, multiple tests for outlier cases were per-
formed. Results of the regression analysis provided
partial confirmation for the research hypotheses. The
order, coefficients and p-values for the predictors are
given in Table 2 below.
Table 2
Effects of advert saliency and individual factors on visual
attention.
Coeff. Std.
Error
z
value
P=
r(>|z|)
(Intercept) 4.04 1.02 3.95 0.0001
Adv. Dur. 0.86 0.13 6.50 0.0000
Adv. Motion 1.01 0.13 7.46 0.0000
Adv. Edges 0.68 0.29 2.34 0.0191
Adv. Lum. -0.61 0.23 -2.72 0.0066
Adv. Size 0.00 0.00 0.98 0.3249
Sub. Int.Use -0.07 0.17 -0.43 0.6695
Sub. Gen. (m) -1.18 0.77 -1.53 0.1256
Sub. Gaze -4.47 1.63 -2.74 0.0061
Gen. ⇥ Gaze 3.48 2.73 1.27 0.2035
Predictors of children’s visual attention to internet adverts.
Advert saliency measures (Adv.) were log-transformed be-
fore entered into the regression model. Measures of individ-
ual differences (Sub.) include internet use (Int.Use), gender
(Gen.), and gaze control (Gaze). Interaction between gender
and gaze control is given last.
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The deviance of the described regression model was
371.28 (df=386), which proved to be considerably lower
than the deviance of the corresponding unconditional
null model in which all predictors were discarded (de-
viance=542.12, df=395). A chi-square test showed that
the difference in deviance between these models was
significant at the highest level (p0.001), providing
evidence that the selected group of predictors con-
tributed significantly to explaining the observed vari-
ance in the dependent variable. Excluding the non-
significant variables, thus providing a reduced model,
did not significantly improve the deviance, and there-
fore a reduced model was rejected. Based on this evi-
dence, we conclude that the best fitting model for pre-
dicting children’s visual attention to internet adverts is
a linear combination of the variable set given in Table
2 above.
Discussion
In relation to the hypotheses presented at the outset
of this study, the main findings are as follows: (H1)
low-level visual saliency features of internet adverts
have a strong influence in determining children’s vi-
sual attention; (H2) children’s individual level of ocu-
lomotor control seems to modulate the effect of visual
saliency features in internet ads, and thus oculomotor
control impacts on children’s visual exposure to adver-
tising; (H3) gender does not seem to directly influence
children’s attention to internet adverts; (H4) children’s
individual level of weekly internet usage time does not
influence their attention to adverts. Before discussing
these findings separately below, it is also useful to re-
capitulate the measure of visual attention utilized in
this study. Visual attention has been operationalized
as binary variable expressing if children looked at an
internet ad (as measured by eye-tracking equipment).
Thus, this dependent measure only takes into account
if an advert was looked at, and not how much adverts
were attended. The reason behind this operationaliza-
tion was our assumption that this dependent measure
is more sensitive to the low-level saliency features in-
vestigated in this study.
Advert saliency and visual attention
Several of the measures of visual saliency employed
in this study proved to have a significant effect on chil-
dren’s visual attention to internet adverts. As predic-
tors, these saliency features typically have positive rela-
tions to the participants’ visual attention to ads, mean-
ing that the higher saliency value, the more visual at-
tention. The only temporal measure included in the
analysis was advert presentation time, which had a
high positive coefficient. Arguably, this effect is not due
to visual saliency so much as to the increased proba-
bility of a participant looking at an ad the longer it is
presented. In the spatial domain, motion turned out
to be the saliency feature with the strongest impact on
visual attention. Motion was defined as the sum of dif-
ferent pixels between two successive frame pairs, aver-
aged for each advertisement. This definition captures
several types of motion, e.g. abrupt onset, flicker, and
object motion (Franconeri & Simons, 2003). It does not,
however, take into account the speed of motion, which
might also be and important aspect of motion saliency.
Similar to motion, edge information also had a posi-
tive coefficient in the regression analysis, meaning that
more edges in an online advert (i.e. more spatial clut-
ter) increased the probability of children fixating this
advert. The effect of edge information was consider-
ably weaker than that of motion. Advert luminance
had a significantly negative regression line, implying
that as relative luminance values decreased, visual at-
tention increased. A reasonable interpretation of this
negative association would be that when ads consisted
of dark patches on a light web page (low relative lu-
minance), this drew more attention than when adverts
consisted of light patches on a dark web page (high rel-
ative luminance). As a bottom-up saliency feature, rel-
ative luminance in internet adverts ranked in between
motion (high impact) and edges (low impact).
Interestingly, advert size was the only saliency fea-
ture in the analysis that did not have a detectable effect
on the participants’ vision. This runs counter to many
previous studies, which often report a positive asso-
ciation between more visual attention and larger ads
(Gidlöf et al., 2012). The exact reason for this deviating
result is difficult to state, but in the case of online ad-
vertising, it is possible that some previous studies may
have confounded the advert size factor with for exam-
ple motion and/or luminance, by not using real-time
screen recordings of participants’ web interaction, but
rather use static screen dumps of each web page. If this
is the case, it points to the benefits of using the method-
ology utilized in this study when analyzing web stim-
uli. Looking at all the saliency measures together, they
appear to represent a “hierarchy of saliency effects”,
withmotion at the strong end of the spectrum and edge
information at the weak end.
A different type of advert saliency which was not
addressed in the current study concerns audio in
online advertising. On many video websites, e.g.
youtube.com (which proved to be very popular among
participants in this study), virtually all advertising is
presented as videos with integrated audio. This au-
dio signal ranges from speech, which could conceiv-
ably guide allocation of visual attention within the ad-
vertising video, to music, which could engage the
viewer emotionally. Although the effects of audio on
visual attention have been studied under the audio-
visual integration paradigm (Koelewijn, Bronkhorst, &
Theeuwes, 2010), it is unlikely that audio as a separate
factor would contribute to explaining which adverts
were visually attended in the current study.
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Gaze control and advert attention
Among the individual factors investigated in this
study, oculomotor control emerged as onemeasure that
actually impacts children’s visual attention to adverts.
The regression analysis suggested a strong negative co-
efficient for this predictor, meaning that better success
rates in the anti-saccade test were associated with sig-
nificantly fewer gazes to internet adverts. Or, the more
voluntary control children had to inhibit their reflex-
ive eye movements, the less they tended to look at ad-
vertising. Interestingly, the very fact that oculomotor
control had an effect on these children’s visual behav-
ior suggests that the online adverts they encountered
actually contained a considerable amount of low-level
visual saliency. If the online adverts on these websites
had not impinged on the children’s visual system, high
or low gaze control would probably not have been as-
sociated with the amount of visual attention to the ad-
verts.
The results on the anti-saccade test showed that the
average success rate was around 21% in the sample as a
whole, which is considerably lower than what has been
observed in adult populations. Success rates around
80% have been reported for adults in recent large-scale
studies (Hutton & Ettinger, 2006). Conversely, sac-
cade latencies in the child sample were higher than
what would typically be expected in an adult popu-
lation. On the other hand, our results on gaze con-
trol were very similar to other research findings on
saccadic eye movements in children (Bucci & Seassau,
2012; Fukushima et al., 2000). However, there are stud-
ies reporting a somewhat higher success rate for 9–10
year old children in the anti-saccade paradigm (Kramer
et al., 2005; Munoz & Everling, 2004). These differences
could simply reflect that the anti-saccade stimuli ma-
terial have been constructed differently across studies.
One question these previous studies do not address is
whether there are differences in success rate between
boys and girls. In the current study, the difference in
oculomotor control depending on gender turned out to
be statistically significant, which calls for further inves-
tigation. One possibility is that the boys’ higher success
rate is linked to their engagement in particular types of
extracurricular activities that require high levels of vi-
sual focus, e.g. video gaming and/or sports. The inter-
action between gender and oculomotor control did not
contribute significantly to the regression model.
Individual factors and advert attention
Gender did not prove to have a reliable effect on vi-
sual attention to internet adverts in this study. This
result probably reflects a general lack of evidence
for strong gender effects in the larger field of vi-
sion/cognitive research. A largemeta-study concluded
that supposedly "well-established" gender differences
were actually rather weak across a number of cog-
nitive domains and processes (Hyde, 1981). Also,
large survey studies on children’s internet usage pat-
terns such as (NORDICOM-Sweden, 2011), indicate
that boys tend to visit online gaming sites whereas girls
aremore likely to engage in social media sites. This pat-
tern was not replicated in the current sample, in which
both boys and girls listed online gaming sites as their
most preferred internet content. This might explain the
similarities in advertising exposure between genders.
Furthermore, gender differences in attention to inter-
net adverts might not be that pronounced within the
particular age group investigated in this study.
Perhaps more surprisingly, weekly internet usage
time also did not contribute to predicting children’s
visual attention to internet adverts. We reasoned that
the amount of time a child spends on using internet
daily/weekly would roughly approximate the concept
of internet “expertise” (or internet literacy). Such ex-
pertise is known to have a powerful altering effect
on visual behavior in many professional areas, effec-
tively distinguishing experts and novices (Jarodzka et
al., 2010). Based on this research, we expected that chil-
dren who spent more time on the internet would ex-
hibit a different visual behavior towards internet ads as
compared to their peers, e.g. avoiding more ads. The
reason internet usage time did not contribute as a pre-
dictor of advertising exposure in this study might have
to do with the free, unconstrained nature of the web
browsing task. Since expertise is generally directed to-
wards solving a specific task, the effect of internet us-
age time could have been more pronounced if we had
given the children e.g. an information search task, in
which visual attention to internet adverts would con-
flict with effectively solving the specified task.
Conclusions
The results of this study provide a chain of evidence
and explanations as to why some children report that
they experience internet advertising as disturbing and
sometimes even coercing in its calls for visual attention
(Martinez, Sandberg, & Jarlbro, 2012). An initial anti-
saccade test showed that children in 3rd grade (aged
9–10 years) generally have difficulties to inhibit reflex-
ive eye movements towards abrupt onset of peripheral
distractors. Saliency analyses of the web pages that
children typically visit, revealed that the adverts chil-
dren are exposed to during free internet surfing con-
tain substantial amounts of motion relative to the sur-
rounding web page. These results were then fed into
a multiple regression analysis that showed clear evi-
dence that motion and luminance in internet adverts
indeed are powerful predictors of attracting children’s
visual attention to ads. But perhaps more importantly,
the regression analysis showed that children’s individ-
ual scores on the anti-saccade task modulates their sen-
sitivity to low-level saliency in internet adverts. Al-
though children in this age group are sensitive to low-
level saliency, some children may be more at risk of
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having their goal-directed surfing activities disrupted
by adverts. This raises questions about how advertis-
ing on children’s websites could be redesigned in or-
der to give children equal opportunities on the web
(Livingstone & Haddon, 2009).
A wider objective of the current study is to give pub-
licly funded research a possibility to catch up with the
commercially restricted knowledge about saliency fac-
tors that drive visual attention that is already gener-
ated within advertising companies. Given the the busi-
ness model of the internet, it seems unlikely that on-
line advertising content could be effectively regulated,
but knowledge about the relationship between visual
saliency and attention could help researchers and de-
velopers to build better browsers that can filter out dis-
tracting advertising content. This knowledge can also
be used by teachers in order to educate children about
visual saliency in online advertising and how it affects
visual attention, and thus raise children’s awareness
concerning attentional effects of commercial content.
Intriguing questions that remain to be answered con-
cerns the effect of higher-level content categories in in-
ternet adverts, for example celebrities, animated car-
toons and animals. It seems likely that there could be
an interaction between low-level saliency features and
high-level saliency, so that e.g. a combination of mo-
tion and celebrities would cause even more visual at-
tention in children. Additionally, it is urgent to find out
what kind of visual and semantic information children
encode while attending to internet advertising. This
could be tested with a recognition and recall test on
internet adverts immediately after the surfing session.
The focus on free internet browsing and the effects of
low-level saliency features in current study should be
understood as part of a larger project that also intends
to investigate task-oriented browsing and the effects of
behaviorally targeted and relevant online advertising.
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